This study has revealed that unless the University takes urgent steps to provide more access points, the QoS cannot be improved since the trees are also required in the environment as wind breakers.
Introduction
The University of Nigeria, Nsukka (UNN) in Enugu state of Nigeria, through the University ICT unit has embarked on extending internet access to all parts of the campus, by deploying access points (APs) at various locations within the campus. Lionet is a campus wireless local area network (WLAN) preferred by the University of Nigeria, Nsukka governing council for her staff and students. This network is preferred due to its positive as-pects which includes: flexibility when compared to wired networks, low cost when compared to other wireless systems such as cellular data services, rapid deployment, backwards compatibility with older laptop and desktop computers, and familiarity to users [1] . But its efficient performance is being affected by the trees that appear within the vicinity of both transmitting and receiving antennas.
It is a known fact that when radio wave impinges on an obstruction, some of the energy can be reflected back into the initial medium, some may be transmitted into the second medium, some may be absorbed by the medium, some may be diffracted and some may be scattered [2] - [6] . The interactions of radio waves with the obstructions reduce its received signal strength (received power level). For the fact that obstruction reduces the received signal strength of a wireless network, the obstruction of trees ought to be taken into consideration when deploying wireless communication networks in the University environment.
Lionet operates on 2.4 GHz and 5 GHz microwave frequencies. For efficient performance of wireless network of such kind, the RF signal must reach the receiver with some minimum power (usually -75 dBm) after experiencing attenuation due to: passage through air (free space loss) and passage through or refraction around the objects in its paths. Also, the AP-to-user range varies from a theoretical maximum of 3.5 km for cell phones, to a practically-achievable outdoor maximum of less than 200 meters [1] .
The undesirable poor signal reception, loss of data packets, and delay in uploading and downloading of data, were frequently experienced in the University, which have been as a result of manmade infrastructures and meteorological phenomena. For the trees, the signal experiences absorption and scattering from the randomly distributed leaves, twigs, branches, and tree trunks [6] [7] . Figure 1 is a photograph of an AP sited close to a tree at the Nsukka campus of the University of Nigeria. We took out time to interview some of the users of Lionet on the quality of signal reception. Some of them affirmed that the signal is better around trees located near the access point (APs). This supports the notion that the QoS of Lionet is being affected by the trees which results in its scattering and absorption, thus preventing it from covering the maximum expected range. Even, there are complaints that some people who used to receive Lionet before no longer receive due to the reasons adduced above.
Numerous studies on measurement of wireless network quality have been done. The relevant literature reviewed in this paper emphasized on the effects of tree obstructions on wireless network quality [6] [8]- [11] . Investigation of foliage effects on the quality of the propagated radio signal via data logging for point-to-point link at 5.8 GHz was reviewed. The result showed that the link which was obstructed by a single tree and a row of trees recorded an average of 12.2615 dB and 4.6306 dB excess path losses respectively [8] . In [12] , study on the influence of trees on radio channel at frequencies of 3 and 5 GHz shows that the excess path loss was between 1 and 16 dB. Evaluation of the effects of moisture in trees was studied at frequency of 3.5 GHz, though somewhat higher than the frequency used in WLAN. It shows that a wet tree attenuated the signal considerably more (loss of 18 dB) than a dry tree (loss of 11 dB) [13] . Studies on the limitations of campus wireless networks at the University of Nigeria Nsukka were carried out. The result showed that an average of 6.476 dB excess path loss was contributed by the tree obstruction.
Among all the literatures reviewed, none has carried out statistical study on the significance of trees on radio waves being propagated. This study investigates the QoS of Lionet at University environment. The QoS was measured by the variation in received power level and path loss as functions of distance under free space condition and in the presence of a tree, using spectrum analyzer (SPECTRAN HF 6080). The measured data with the help of SPSS version 16.0 software were statistical analysed, to show the significance of the presence of trees on the Lionet QoS.
Theoretical Consideration
Quality of Service (QoS) is the measure which defines the performance in any accountable system. Depends on the particular type of application, QoS can be considered by reliability, robustness, availability, security, and among others [14] . The QoS of Lionet are measured and analysed based on their received power level and path loss all in (dBm).
Received Power Level
It is the power level in (dBm) that is received at the receiver within cell site. The capability of the radio receiver to pick up the required level of radio signals will allow it to operate more efficiently within a radio communication network system. Received power level can be related to many parameters of the radio communications system namely; path loss, transmitting power, antenna gain, and many others. The expression for the received power level from the transmitting antenna to a receiving antenna is written as:
where, P r = Power received level in dBm P t = Power transmitted in dBm PL FS : Free space path loss in dBm Equation (1) can only be employed under a free space condition.
Path Loss (PL)
Path loss is an unwanted introduction of energy tending to interfere with the proper reception and reproduction of the signals when propagated from the source to the sink. It reduces the power density of an electromagnetic wave as it propagates through space [14] - [16] . Path loss is one of the important parameters that can be employed in analysis of wireless network performance. Since this paper is investigating the contribution of trees on the QoS of Lionet, Equation (1) is extended. The path loss of Lionet signal passing through a tree includes; summation of free space path loss and excess loss (tree loss factor) [6] [8] [17] . We considered the tree loss factor to account for the increase in attenuation of the received signal when the receiver is placed behind a tree. Mathematically, the expression becomes [6] :
where, PL TREE = Path loss in the presence of a tree. L FS = Free space loss. L TREE = Tree loss factor. Substituting Equation (2) in (1) we have --
Furthermore Equation (3) [19] . The value used to compute free space is dependent only on the distance that is from the transmitting antenna. In free space, the path loss increases by 20 dB per decade [20] . The equation for free space propagation loss between two antennas is given as [21] :
where, P R = Power received P T = Power transmitted R = Transmitting and receiving antennas distance of separation.
Materials and Methods of Measurements
A portable EMF (electromagnetic frequency) measurement system, Spectran HF 6080 model was used to intercept the signal from Lionet AP. The equipment consists of three main component parts namely: Hyper Log Measurement antenna, Spectran HF 6080 (Aaronia AG software). It is worthy of note that the Spectran HF 6080 was connected to laptop for data logging. This is because the Spectran HF 6080 has low memory. This forms the receiving part at a frequency of 2400 MHz.
The Lionet AP contains an Omni-directional antenna (WBS 2400) with transmitting power of 19 dB [22]. The transmitting antenna was mounted at the top of a mast. Part of the Lionet AP of interest is free from tree obstruction while part is impeded by a tree. Both scenarios are shown in Figure 2 and Figure 3 respectively. We obtained the measured path loss from the power level received. 
Method of Data Analysis
The data used in the analysis of this work were collected at every 20 meters away from the Lionet AP. At every 20 meters away from the AP, 25 data points were logged. From the measured received power level, we obtained the measured path loss. The data collected for both scenarios are represented graphically in Figure 4 and Figure  5 respectively.
Statistical Analysis of Results
Ordinary Least Square (OLS) regression analysis is used on the data collected to reveal an undesirable effect of trees on Lionet Qos. Regression analysis was carried out using linear function under free space condition and multiple regressions when there is tree obstruction. The dependent variables and independent variable are expressed as follows:
where received power level (Pr) and path loss (PL) equal the dependent variables, Distance (D) and the effect of a tree (T) equal the independent variable, and b equals the regression parameters or coefficients. The regression parameters are computed using SPSS version 16.0. 
Statistical Results and Discussions
The data collected for this study were analyzed, summarized and presented in this section. The results were tabulated to enhance understanding and explicit interpretations. They are presented in Tables 1-4 .
As shown in Table 1 , the constant term has a negative sign which implies that, if other variable is assumed to be zero, the received power level under free space condition decreases at a constant rate of −46.357. The distance under free space condition has a negative sign. It shows that decrease in distance leads to an increase in received power level. The coefficient of the distance is −0.929 showing that a unit increase in distance under free space condition will lead on the average to a −92.9% decrease in the received power level. The R 2 was 0.862. This implies that the independent variable (Distance) accounted for 86.20% of the total variation of the dependent variable (Received power level under free space condition). The remaining 13.8% is the residual and this could be due to error and other factors not investigated. The F-value (1554.146; P < 0.05) is significant at 5%, implying that the model is significant.
In Table 2 , the constant term has a negative sign which implies that, if other variables are assumed to be zero, the received power level in the presence of a tree decreases at a constant rate of −48.672. The distance in the present of a tree has a negative sign. It shows that decrease in distance leads to an increase in its received power level. The coefficient of the distance in the presence of a tree is −0.920 showing that a unit increase in its distance will lead on the average to a −92.0% decrease in its received power level. The effect of a tree has a negative sign. It reveals that absent of tree leads to an increase in received power level. The coefficient of the effect of a tree is −0.185 showing that a unit increase in the number of trees will lead on the average to a −18.5% decrease in the received power level. The R 2 was 0.897. This implies that the independent variables (Distance and Effect of a Tree) accounted for 89.70% of the total variation of the dependent variable (Received power level due to the effect of a tree). The remaining 10.3% is the residual and this could be due to error and other factors not investigated. The F-value (1071.386; P < 0.05) is significant at 5%, implying that the model is significant. Table 3 is the summary of OLS regression results for free space path loss. As shown in the table, the constant term has a positive sign which implies that, if other variable is assumed to be zero, the path loss under free space condition increases at a constant rate of 65.357. The distance under free space condition has a positive sign. It shows that distance has a positive relationship with free space path loss. An increase in distance equally will lead to increase in free space path loss. From the table, coefficient of the distance is 0.929 showing that a unit increase in distance under free space condition will lead on the average to a 92.9% increase in the free space path loss. R 2 is 0.862. This implies that the independent variable (Distance) accounted for 86.20% of the total variation of the dependent variable (Free Space Path loss). The remaining 13.8% is the residual and this could be due to error and other factors not investigated. The F-value (1554.146; P < 0.05) is significant at 5%, implying that the model is significant.
In Table 4 , the constant term has a positive sign which implies that, if other variables are assumed to be zero, tree path loss increases at a constant rate of 67.672. The distance in the present of a tree has a positive sign. It shows that increase in distance leads to an increase in its path loss. The coefficient of the distance in the presence of a tree is 0.920 showing that a unit increase in its distance will lead on the average to a 92.0% increase in its path loss. The effect of accounted a tree has a positive sign. It reveals that present of a tree leads to an increase in path loss. The coefficient of the effect of a tree is 0.185 showing that a unit increase in the number of trees will lead on the average to a 18.5% increase in the tree path loss. R 2 is 0.897, this implies that the independent variables (Distance and Effect of a Tree) for 89.70% of the total variation of the dependent variable (Tree path loss). The remaining 10.3% is the residual and this could be due to error and other factors not investigated. The F-value (1071.386; P < 0.05) is significant at 5%, implying that the model is significant.
Conclusions
This work has studied the effect of trees on QoS of the Lionet in terms of path loss and received power level. This was achieved through field measurments under free space condition and in the presence of a tree. The measured data were statistically analyzed using Ordinary Least Square regression and SPSS version 16.0 software. From the measurement campaign that were carried out under the two scenarios, up to 200 meters, the attenuation of the Lionet signal under free space condition did not reduce the received signal strength below −75 dBm which is the minimum value for a reliable WLAN connection of such type while above 180 meters; at-tenuation of the Lionet signal in the presence of a tree reduced the received signal strength below −75 dBm [1] .
Furthermore, the study through the help of statistical analysis revealed that: the effect of a tree and distance predicted the variation in received power level and path loss during the period under study, which agrees with our earlier preliminary investigation. Also, the results of the simple and multiple regression analyses could therefore be very useful in predicting the effect of distance and tree on the received power level and path loss.
Based on these observations, we concluded that the presence of trees along the Lionet propagation path significantly attenuated signals thereby prevented the network from covering its maximum expected range. This study therefore recommends that the effects of trees should be taken into consideration while deploying the Lionet APs. This can be achieved by increasing the density of APs to compensate for the presence of trees in the environment.
